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The following tables have been compiled to
facilitate the computation of the orbits of spectro-
scopic and visual binaries, and small planetary
objects, such as asteroids and satellites. These
tables represent a considerable extension of the
TABLES FOR THE TRUE ANOMALY IN
ELLIPTIC ORBITS, by Frank Schlesinger and
Stella Udick, in the Publications of the Allegheny
Observatory, Volume II, Number 17. Here both
the true anomaly and the eccentric anomaly are
given, and the eccentricity ranges from 0.01 to
1.00.
The computation involved in the compilation
of these tables was done on the IBM 709 Data
Processing System at the Data Processing Center
of the Agricultural and Mechanical College of
Texas. The programming technique employed
was FORTRAN using double precision arithmetic.
The accuracy of the tables is eight (8) digits.
The computation was done by the double preci-
sion method, giving accuracies of ±1 in the
twelfth digit, and then rounded off was made to
eight digits. The maximum round off error in
the tables will be ± 1 in the fifth decimal place.
The line of apsides, PP' in the figure, is the
major axis of the elliptical path of the minor
body about the major body. The radius vector,
FB, is the instantaneous line joining the two
bodies. Perihelion, P, is the point of closest
approach of the two bodies. True anomaly, v,
is the angle at the major body between the line of
apsides at perihelion and the radius vector. Mean
anomaly, M, is what this angle, v, would be, were
the motion of the secondary body uniform.
Eccentric anomaly, E, is an auxiliary, and may be
represented as the angle at the center of the ellipse
between the line of apsides at perihelion and the
radius of the eccentric circle to the point ob-
tained by extending to the eccentric circle the per-
pendicular from the secondary to the major axis.
The anomalies, E and v, are illustrated in the
accompanying figure.
These anomalies are related by the following
equations:
E-e sin E=M, (1)
tan = #=- (2)
where e is the eccentricity of the ellipse. Because
the first equation is transcendental, the task of
computing E from e and M. is one of classic diffi-
culty and is known as Kepler's Problem
Several methods of solving for E were used,
but all proved unsatisfactory from the standpoint
of either accuracy or machine time. The first of
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these methods was a Lagrangian development of
E in series (OEUVRES DE LAGRANGE, Vol.
3, pp. 113-138),
sn 2!Sin —2 (3
2
 sin 3M
-3sinM)+ . ., (3)
which, when carried out to the term involving
eB, gave accuracy only to the second decimal place
for large e. Several variations of the Newton-
Raphson Method were tried, and these likewise
failed to give the desired accuracy.
The technique finally used was one of utmost
simplicity, and the actual computation was very
rapid. (The total time to compute the entries
in the table and to record these entries in binary-
coded decimal on magnetic tape was approxi-
mately 20 hours.) A flow diagram will best
illustrate our method of solving Kepler's Equation.
A
Ho
Y = E - esin E - M
'if
la Positive?
Yes
E = E - A
(4)
This procedure was repeated until the absolute
value of Y was less than 10~10.
To obtain v corresponding to a value of M
greater than 180°, enter the M-row with a value
of 360°—M, and the resulting value of v is then
subtracted from 360°. For example, for e=0.34,
M=210°, then 360°-M=150°, opposite which
we find 0=360°—164?08132 = 195?91868. The
same procedure holds for E.
Most interpolation will be performed vertically,
for fractional values of M. The first differences
are printed in columns adjacent to the values, each
entry being the difference between the entry cor-
responding to that value of E or v and the pre-
ceding.
The differences between columns are not printed,
for very seldom does one need to interpolate for
the third decimal in e.
Linear interpolation is sufficient in most cases.
However, the second differences are printed adja-
cent to the first differences, where again each entry
is the difference between the entry corresponding
to that value of the first difference and the pre-
ceding To make this correction, the computation
should proceed as follows: if the fractional part of
M is less than 0 5, multiply one-half the preceding
second difference by the fractional part of M, and
add algebraically to the first difference correction,
if the fractional part of M is greater than 0 5,
multiply one-half the corresponding second differ-
ence by the fractional part of M, and add alge-
braically to the first difference.
For most of the table, the error in neglecting the
second differences will not exceed 10~2, except for
eccentricities between 0.45 and 0.80. However,
it is suggested that the person using this table
glance at the second difference column each time,
to make his own decision.
The tables were printed directly from magnetic
tape by means of the IBM 717 Printer, which has
complete error checking facilities. Hence no typo-
graphical errors could appear.
David Larson wrote the program in single pre-
cision for the IBM 704, but the accuracy was not
sufficient for our purposes.
George Taack rewrote and supervised the pro-
gram in double precision for the IBM 709.
We wish to express our appreciation to Mr.
Robert L. Smith, Jr., Head of the Data Processing
Center of the Texas Engineering Experimental
Station, for his cooperation and the use of these
facilities.
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O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO--fO'HO«-«O'-tO^Or-(O'-HO'-«
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo
Q OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
rg oooooooooooooooooooooooooooooooooooooooooooooooooooooooo
• rgr^or^^cQr\jo^^^^^c^*o^f^ou^ooo(ocno^in<Ni<frcou^(^^in«^r^*of^o*oc^^i^<N'OC>m
u_ oco»ftcnaocoo%ONr^^cn^r-CNQOor^*o^^oo»rsi»H^rHOONry4'ONcorg^ococnir»rNjo^(^r^^<^r\iu%^cn
M co^^if*^(nin^^O*<^^^rg<>^^^ino*r^^O(X>^p^c*itf^Of^oOryrgco(^^^o*^^o^^mo*ry^Oa)»Q (<i<T»fnc*(^O^cno*t^ao^cort<Drgf^C4l^CNi\OfNisOrNjinrHtn^^rHmocnor«j^i^o^o
»orjNO<>J^e^^(\JO^^^OP>jNOojOP«jNOPU*orsj1or**NO<N*Orsi>0rsisorgorsiinr«jinr>jii^'^
^^ rHrHro rv j r v j r x j rg rN j rN j rg rs j rg rN j rN j rg rs j rg rv j f ^
«^sor*j^
Q OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOrHO--*
oooooooooooooooooooooooooooooooooooooooooooooooooooooooo
Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
z • • * • * • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • « • • * • • • • • • • • • • • * • • • •
t\j O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
• o • ^ f ^ ( O ^ o ^ f ^ f s J e o < o ^ ^ ^ ^ t ^ r ^ o o o ^ ^ ^ O r H { ^ J o r ^ o < f m » * ^ o o ^ ^ ^ ^ o g l ^ ^ r ^ l r ^ u ^ r ^ c o c ^ ' O c n ^ c ^ a ^ c ^
u_ » ^ o ^ r s j i ^ o ^ ^ ^ ^ < ^ ' ^ o ^ i A c o ^ r ^ o o v o ^ o o ^ ^ < > c o i ^ O h - ' ^ ^ D O r ^ r ^ r g c n o i ^ < f C 7 > u ^ o ^ r > j a > v O ^ f ^ i ^ ^ i n a ^
•-• o ^ ^ ^ ^ ^ ^ ( N j ( ^ o r y a ) ' ^ i r i o ^ ' N i ^ < o > o ^ ^ o ^ H t r \ ( > o o ^ < f O * ^ ^ c o r ^ ^ o ^ c n r - i n c n i ^ ^ o > j ^ O ' ^ f H r ^
O«-^O'-»O*-«O'-<O'-*O'-tOr-(O'-'O'-)O«-lO'-<O«-<O«-iO'-<O'-<O'-tO'-<Oi-tOOOOOOOOOOOOOOOOOOOOOO
•
o rH^Hr
^H<^>^ f ^^HrH^H^H^Hr^^H iH tHr^<^ i ^ t ^^^Hrg rv j rg fN j r« j ro rg ( \ i r j r g rg rv j rg rv j c \ j fM
• CT*O^^^^<NiC^tno^'^aD^cocor-(N(^r^^o<^c^m'^i^C*inco^in.^cnu^oa3CDrg^^
u_ co^^<DiArt^'a>cor^oO'^fOf>;^^^inrgr^i^oocoo»^'^fnojOtno^^rgvO^r^i^^oornt^in(vjco<^
•-i OOOOO-^O'^O'^l^r«j^H(Nj«^r*j'^r\(^Hc<l'^f^^(n<^^rJ^c\j^r^^rg^<NirtP«jinfy\D(AvOO"Or^
o oooooooooooooooooooooooooooooooooooocooooooooooooooooooo
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O yO OOOOOOO OOOOOOOOOO
Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O CXd C O O O C O O O O O O O O C O O O
fsj O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O C O O O O O O O O O O O O O
'^
&^tf\^c^i&'*Qf^t~~f<}t*~
f^
•^ oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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« «Ocn -.0 c*\ %o ^ * o ^ f w i r » f ^ - i n f w t A f i * i A r i * - » o ^ * o c o % o < D r ~ c o r - - c o f - - c o r i - - c o c o a o c o a o a o o t f l O C T » o » o * o ^ 0 * o * f f i & i O * Q ' * o » o o » o o * o o * o o o o o
O O^HO--<O'^O<-tO'-tO'HO'-*O'-<O^^O'-HO «-«O'-<O'-tO'-tO'-»O'-iO'-iO'-iO'-<O'~«O'-«O'-«O'-"'O>-"iOojOryO(NOf>J<-<rM'-(rg
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
o oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
z • • • • • • • • • • • • • • • • » • • * * • • • • • • • • • • • • • • • » • • • • • • • • • • • • • • • • * • • * • • •
rg ooooooooooooooooooooo ooooooooooooooooooooooooooooooooooooooo
u_ o in c ^ i o i f \ c \ i i n , o j i ^ i ^ t N j o ^ o ^ f \ ( p 1 * t N j r i ^ ( s i o * o r ^ > O d ' - H » O ' n ' O ^ ' d ' ^ o f f » ( * ^ c o - 4 ' > O ' « T C ' i ' H O * o < * ^ C T i ( ^ - ' ^ ' ^ ' ~ ' ( * ^ o » ^ ' O u ^ ' ^ i A o ^ o *
— t ^ o ^ r \ j o a ? F n f n « O c o < > ^ ^ f ^ ^ ^ ^ ^ c O a D O ^ r \ j ^ m r ^ ^ ( > ^ o ^ r ^ r ^ c o i ^ < > ^ o r - ^ a 3 o g C T * ( \ i ^ ^ < >
vOQ co r- o j % o o j - » ' H f n o - - * C 7 ' O C ^ < o c o r - r i > - i n > o c n o r j m o - t c o m ^ p i j i n < - i m o ^ ^ o c T * o * r - c o m r - ( n O ' - « » r * o * ' j ' e o < r * ' O t M t * i < - < ' - ' O O ^ o r - c o i n
o ^ c > ^ o ^ c > ^ o & c > & a ^ o * & < * ^ o * ^ o * 4 & ^ & ^ t o ^ a } ^ c Q ^ m 4 & ^ ^ ^ ^ c ^ t ^ n t ^ ( ^ r ^ & & m & < n ^ ( ^ ^ ™ & ^ t r \ r v t f \ r > j i r \
• I- O - - t O ' - < O ' - H O ^ O ^ - t O ^ O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
O"-0 • * • • * • • • • • * • • • • • • • • • • • • • * • • • • • • • • • • * • • • * • • • • • • * • • • • • • • * • • • • •
^ o a j r ^ o c v j f c ^ i n c > ) r - f y i ^ i ^ s O ^ r o ^ ^ ^ r y o t n i n i A c > * f o ^ H i O O f ^ ( > f l D < ^ e o o f ^ c o i A ^ f o e o ^ o ^ o o ^ o o r i j ^ ^
%O 00 •-< co r»- o r g ^ r - c > f N j f f i r - ( y ' ' - i C T « % o e o ' - < c o « o r - o > o - * i n o * ' j F c t f M r i - O ' - i ^ i n r - ( T i j - m r y r - o ^ o r * - - j ^ r — O ' ^ r - - * c o p - o o * O ( n ^ > o r -
f f l r ^ o * c o o > ^ o o O ' ^ ' i ^ f N j ' ™ * f r ^ < M - S ' f ^ j * A d i O c n r " - } i c o ^ - o t ^ o t A ' ~ ^ i A f » ' O r M ' O t * ^ > o j i r ^ - i n h « - i r v e o ^ o o r - c o o o o * c o o i C T i o i o o o O ' - ^ O ' - ^
(\j^- mm «*o \ o o o f - C T > t o o f f * ' - « o ( \ i « - ^ c n ( M N } - c * \ i A ^ v O t f > i ^ » o o i r ^ o c O ' - < o * < N J O ( * i ' - t - 4 ' r g » n c * i « O ' * r i - m ( O i o o * ^ - o a > r H O ' c r i « - i ^ i ( M i n t o « o
LL. « ^ c o c o < M ^ ^ \ o f ^ r ^ o o ^ f > j o ^ ^ ( D ( S j o ^ c n i n i n o r ^ r * O T O ( N ^ ^ o ^ ^ e o r g o m r v j ^ ^ i r » * o ^ r ^ r ^ o * c o o < ^
•* too i n ' ~ ' i n ^ H i A " - < i r % c \ j i r \ ( N j % o * M ' O < N J ' O c o * o c r t N O d « o c r i o ^ » o - d ' ' O « 9 ' p * - ' J ' ^ • t f r * - i n r i " i f t f * - m r i - i n f ^ i f \ r - * A r — « o f * - * o r w o c O ' ^ o o s o c o > o o o o
O O ^ H O - ^ O ' H O ' ^ O ^ ^ O ^ O ' ^ O ' ^ O ' ^ O i ^ O « ^ O ' ^ O ' ^ O ' ^ O ^ O ^ O * - H O ' - < O ' - < O ' - ^ O ' - < O ' - - ' O ' - < O « - l O ' - * O ' - - ' O i - * O i - t O ' - * O < - i
oooooo ooooooooooooooo ooooooooo ooooooooooooooooooooooooooooooQ O O O O O O Q O O O O O O O O O O O O O O O O O O O O O O O O O ^ O O O O O O O O O O O O O O O O O O O O O O O O O O O
<M O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
• o\o>orgfi^t7'inr-&'s*>o»o^oin<-«^oa*rw ^r\jiriintoco^o^^o^oo^^rsj<^(^if\'»O'*<>iOi^r<jrNJcOi-Ha*cn<--«coO'vOinooo*(*i(Ni
u. f^cncor^ccf^ryo^o^rou^fsj^^'^for-O'^^irtr-r^^-co^coOao^^^cn^^^^^cO'^'^co^^^cor^o^
if»Q ^^cooot^Orsjr\r\i4-^cno<Niooo*(>ajTo*o^^^oeo\orxjiri^^>^cornotNi^r^cn^Hfsjoo^cocor^co^r^
•i- ooooooooooooooooooooo ooooooooooooooooooooooooo oooooooooooooo
o^^^f^oo^^^4p*^^^f^j-NOcn<fcj^^OsOoryco(D^fO4-^fvj>^eoto^»nK^cS^OiOooin>o<^^'^^r^
^^irirg^r»j\o{<i^^^if^r**oeor^cor^o^cDO«o*^oooO'^o^4^^'^<^r\j*r^iArginPoo^^<or^^
<^(ocnfomfn(rtfocn^^c^fn^ri^-j^^^^^^^^^^^^^^ri^trvir\»r>ininu^^u^if^
<^OCN<f<t'O>o^^^^pgr^^r^^roir>r^i^r^ir(v0^OfNjinO(^f^rvj.d-r^.^cof^^r^
- mo-a-rM-nj-^^Of-coeoo^t^o ^^^ocNioo{^ONt^^^'Oir>o%or^oooo^c>^<><^O'a-'-'iri^-iO(\tr-(i<>com<>j-^j-(Ni
4-30<f>j-o<rty'<fCi^to<' ou~* oj^OJ\oir\«-iirii-< r*^a-ir-<i^f-iir>t-*Ln«--(ir\(Niir»<\rorjvOf\j\o(NivOf>j^O(NNOf\jocn'Om
OOOOOOOOOOO^Oi-JOr-tO'-tO'-<O^-'O'-'O'-tOr-io1-HO'HO^-iO'-*OrHO'-*OrHO'-<O«-tO'-'Oi-^O*-<O^-t
oooooo ooooooooooooooo ooooooooooooooooooooooooo CK.O oooooooooooo
Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
fM O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
• ^rgr^W(OCgr-<OfSj^u^c*min«^o^^vOOO^inc^fsir-or»joo^(^f^a^vOooeD'^rsjo>eo
u_ <N^^oo^^^^^^cr^^(D<D«^OfNJC4rjr-t^c\jo^f^TO^a30i*ONtfvjcof^»^'H^rsj^msOf\jo^\o^ir^
^* fvjaocoo^(*i*~*c»rytn(vo<ritfi'n'— '•tf'*on»-*<*>*ocn*~<fV[f»»- <oo^^CT>con">*ocOin<Nj(T>o«-^o0* & *o CD •& f\fi\;iOO^o*orr>for*-oor-^'j-
-*o ino-d-ff*-**^ (naomr^(nxoc\j*rirvj<j-«-im«-<f\jo «-tooo*o^O'cooO'O'^ir(ft-4-'Oco%ofMi^<-<ir\a* -jco t^ir* (Ovo<Nij-rgc^'-*r«jO'-too^^oo
O cnr^ t^'C(O4Ocn^O{^*otn«ocnsOco*o^*O(OxotOyOc^*orgu^r\iir\r\jir\rvjir\r^tnroa^rj^rgi^
• t- O O O O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO010 « • • • • • « * • • • • • • * • » . ............. .............*•...•..• ..... *•
- i
u
t t U j > U J > U J > u J > U J > U J > l U > L J > U J > l l J > l i J > L i J > L J > U J > U J > U J > l i J > l i J > l i J > U J > U J > U J > U J > l i J > U J > l i J > U J > U J > l i J > U J >
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.oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
o oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
(M O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOO
• o^OO^^^Oeot^r^^e^cou^cn^c^OO^rorg^^^<fr^(ticorNJinrgo^Ocofnin(7*'O^>^r^^aor^
U, co^^rga>.^ir\i^f^o*f^*O(^cncooc^*O<OrH<Nir^xor\ior»^rgr-f^rMrsj^r*corNjruco^
O rsiinrv)inrNj^fM^ru^oj^r^^r\ifOi^fOrHfn^H<^^^rni^rg^Hrj^^r\ji^rNJi^i^OrHO'^O'^O^OOOOOOOOoOOO'C7'CT'(>O^O'O*
• H- OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO-OCT*O*C>O»a»
O (/I • • • • • • • • • • • • • • • • • » • • • • • • • • • • •••••••• • • •• • • • • • * • • • • • • • • • • • •••
m t r t x o r — - *o»oO ' -<o^ONOrs iOr -»O ' f l F xO < Noomi r>^ -«oo ' - t iANOf i " ( * i iA»Ar -o • a - ( 7 v r - > - < « o r ^ o * O ' - H O < 7 » c o i n o o » r — rgco^ t rx r^ r - ^ ^ o o a o c o
oj >o vO CM o i*- - j -rgr— -to^^rM!*- • 4 - N 0 i n m « 0 c v « o - 4 ' * o r i - m C T « ( O O * r - i c o ( r > t f > m < - < o i A « 0 c o o o - J o o o a o o ^ c n c N j ^ - o o i n c M O i n o e o o o ^ i A O
t\jr— ooo*-*coa>«Ot- ' ' - ' ( t i ' * i r t iAin ^ • j - r - < f \ jmo^co i r \ ooo *o - * (M f i ^ 'Oeoooc?»coo» in r - o tn ^- • -< insO(*^ i -<o- * tA*o f * - r * -<or^%o»Of s J ' * *O ' - *o*
^o j i -« r - - *cN j»or*O '<N<- ( >Ofno i r» • * f * -ooo* ' -<O i 4 '<Mh-<J F o t f \ cn^o iA r i - r -oDoo^ i -HO( r t ' - * ' * ( M i ^ o g o m i — t ^ r - c n h - ^ r ^ m r ^ - c n f ^ m o c n i n
o r \ i ^ - t tN j i - ( co^ - i ro^ - *^ - fM<r (N i (A{Min rgu-» f> j *O(O^(^vOcor -cn r -mf * -n r - mr -coco -*co J-CD ^ J - a o ^ - o o ^ o O J - a j j - o o - * c o - * c o - * c o < j - o o - ? c o
j > r ^ - i nco*oo^ r i ^ocO '™«(J» ryo ( ^ ' - t ' * rw incno^ - r ^mco^oo* r -oco»~«£^ rgod ' - * ' * o jm t ^%o • * r -moOvO(7»^-ocO' -<^r> jo tnr - t j ' t \ i in (n*o
h^ (D^cor^cof^oor^ror^OTr^coi^OTr^cop-tof^cor^cof^cDr^ror^GOf^fflr-aor^eor-cw^cof^coi^tcf^
Q O<-*O«-«Oi-HO'-<O •-•O'-'O'HO i-"O«-*O'-*O'-tOi-fOi— <O«-<O «-HO--<O i-*O'-<O«-<O<-tO'-*O'-<O'-'O'-*O'-<O'-<O'-«O'-«O «-iO'-<
ooooooooooooooooooooooooooooooooooooooooocoooooooooooooooooo
o oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
z • • * • • • • • * • • • • • • • • • • • • • • • • • • • * • • • • . • • • * • • • • • • • • • • • • • ..... ••••
(M O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
u. coc»^coo^u^^ooirv»O(y»ry(^NOOO(^^(>Jf^^oi^<*>(>^'^<ccnou^fNjr^iri(>^»^CT*rNjrvj^^«ooODorgo^t^o^
•-• «^tn(«iooa^r^o^cor^^O^oc\jcg^(or^^O^^^r^^(D\o<>aD^orgcnmin^f^Lnt7»r^<^coNf^*OOcD^<Mc^
(no m^r\im»Hc\jooc*ooco^ooinr^(<i^i^^^^»cnorg^^r\ir^rHOCT*^r^OT^r^<^O(Nju^
O r\i^rsj^pg^(\j^^mrH(^^H(nrHcOr^^^ryrHfyi^rvj^rg'^rvj'^rj'^^O'^O'^O^O'^O'^OOOOOOOOOOO^O»^(^O'<^
• »- OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOvO»(>^^CT>O
O (/) * • • • • * • • » • • • • • • • • • • • • • * • • • • • • • • • • • • • • • •• • • • • * • • • • • • • • » • • • • • •
N u ^ ^ ^ ^ ^ r ^ o u > f ^ u ^ p ^ ^ o * c Q ^ ^ i ^ f ^ o c ^ t \ j " N O ^ ( ^ ^ ' ^ o r s i < ^ t A * o o ^ c o r ^ r o ^ o w ^ ^ O f ^ C T 1 ^ ^
^ O r ^ ^ C T ' » O ^ r ^ O v U ^ o o f N J * O f ^ c ^ ^ o ^ t ^ ( ^ O « ^ ^ l ^ \ D r ^ e o i n O N O O ^ C T « c ^ e O C O i A r ^ r y u ^ c o a > f ^ ^ r ^ O O ^ r g o * ^
% o ^ o o o o o ^ j - < \ j e o ^ (Nso*oooo»o< r »(M<^) (Oo^ in ( \Jo> j ' i s - r -ao<7 'O«-<«- t { * i i - i i n r« j ^ ) fnQo -*o^ •3 -o i r \ « -« iACM^(N tO f > j * om-O f^ *0 fM*o r i J 'O f > o
c i ^ » O ^ r ^ ^ c o ^ C T ' r ^ o e o « ^ a * c N j O c n i ^ ^ r y u > c o ^ ^ r ^ i n c o ^ ( > t ^ o o o » ^ c ^ r v i O ( n r H ^ r s j t n c n N O ^ f ^ ^ c D
• r s j o ^ c o e o ( N i » o » o ^ O o j ^ c o c o u > « ^ ^ ^ N O l ^ r H O i r * r g a ^ ^ ( O > o i n c o c o o » o ^ ' ^ ^ r N j r j m f ^ ( n c n ( n ( ^ f \ i m
ii. i n p ^ i A m \ o ^ o ^ r ^ * o r ^ ^ r ^ i ^ ( n c o c o c o < x ) ^ o * o ^ o ^ o ^ ^ O C T * o o * o ( > < ^ o » ^ O i ^ O ' ^ O ' - * o « - ( O ' - ' O « - - ' O O O O o o o o o ^ C T « o * o ^ o D
O O - ^ O > ^ O ' ^ O f ^ O * ^ O ' ^ O i ^ O ^ O « ^ O ' ^ O ^ O r H O < ^ O « ^ O « ^ O ^ O i ^ O ^ O ' ^ O ' ^ O ' - H O ' - * O « - - » O « - t O ' - » O i - i O ' - i O ' - - | O ' - - t O ' - «
ooooooooooooooocooooocooooooooooooooooooocc oooocooooooo ooooo
Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
<\J O O O O OOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
• ^-j-covO*ooo*oo-**o\ocoi-tf^- ofr>-3'»Ofr>vOff>'JCT'O*oj-'-'Ofoi^-rnNorvjir\O(Tii^ o-jr^-r-«^-o*'-HCT>ooo>omtnchincomoooxorgf^-
t_ r^.^r^r^^^mo^r-^(^^o>rH^<rfNjr^mo<fc^oov0^c\jfviroin(^a3^^tn
^•Q oor^coini^^-o^*o^H^o^co^r-(<ivO^^^cn^rgooa*o*(>r-co«Of^^^<^^^^Oino^^r^ri^o^^rgcnr^r\j^
• I- OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO»C*O(>O
Ot/) • • • • • • • • • • • • • • « • • • • * • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
(oo^or--* ^fyrv*<no»oor*jO(>jr*oo«-<OCT'<i>^rjcn(Nj(j»o^^'-''-'ff>r^('>»o(\ir^eo<>JOOh- ooj- oot/>o>O(\iotcO'O«o-*toc^<Nioori-
< f p s J i n r y ^ r \ j i n ( N t f > c N i n r y i n r j
oCT*i-to<\i ' -- (( r* <^J_ »J t O ( n ^ - * o t n r ~ s o o o r ^ - ( > o o o o * « - t o ' N j « - i m ( \ j ' 4 -
u
(X UJ>UJ>UJ>l iJ>LJ>UJ>UJ>UJ>t iJ> l i J>UJ>UJ>UJ>UJ>UJ>l iJ>UJ>UJ>W
t-
z
UJ
\ j ^ H < \ i m < 3 - m o l ' * - c o o ^ O » - < f v j f r i ^ - i f \ * o r - e o O ^ O ' - ' C M c » > J - m k O r ^ o o o * o
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o. oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
rj O O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
.
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rsj OO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOO
» »OrH^ r^c> j r ^ ^^^sO«<or> j rH i f><« i *oeo r^ ino i ^ i n i ^ r j <> f ^ i ^ i ^< )Ocnc^o in *oON|^oa3O^ry inU. r^o<ntAcom<nf-«or-o»* in*eo inor- ' -H ' -n f t r -co iA^r- (n r j r - r M o ^ ^ - ^ c o r - ^ H i n c n c o i n o ^ o o o o c M f M f H O - * cn^- tcs i^Hin^rs j r^^rH
i— r » r ^ ^ o o ^ H o » ^ ^ c o r y r ^ i / > r ^ < N j ( D ^ O ' ^ ^ < v i e o c o ^ o r t \ o o r ^ o ^ ' ^ ^ ^ « ^ c o p ^ ^ ( ^ ^ ^ o o % o « ^ r ^ ^ f \ i * o ^ i ^ ^ ^ ^ t n w
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m-* omcg(Nj«-iri*o^r-ir»'*<ocnfNj^-4-to>O'OiA«-ti/>miH mo»c*^c^in^CT*ooo-* cxic^-i'toin oor^oxo^m^oco c»c*^O''H<^r— coco^*o
meo tnoo*-* **ocoovOfN<Nco(noi*e*i'*(M'4pi-ioorsjcoi-i *o*o-*ooj'-tOfM<^'-H(y*oCh^oo*fNj^tnr-io*O'Of>J«*cMnif»tnt-<cofM'*^-
tnof^f^^o^i^^oorH^a'O*o^fvj*f^^^c\i*(\j^o<)ino^^oc<i(^^%OinrHomin^a>cno^rgsOoaocg(\i
tnin\or^(>{om^sOo\a^ir(^o^^h-oo^^fyo^^n^^r^a)OOc*ic\jr^^Ovu>fvjr^(A^r^O(^i^i^<n(n^^^^
> %o^r^^wr^oo»^orsirg>t^inu^^r^r^«o»^o,^i^c\ji\i^^ir\u>o*or^r^^»o^'^'^
t~ ^%o^*o^-o^>oinf^ifir^inr^inf^inr^inr^»ftr^soo)*oco«oco*o«)^(O^co«eooo'^O'r^ar^^r^o^r-<^
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O'-»O'-'Of-<O'-<O»-<O»-«Ot-tO'-lOr-tO«-«O'-«O»HO'-*O'-HO'-HO'-lOi-HOOOOOOOOOOOOOOOOOOOOOOOOOO
o oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
z • • • • • • • • • • • • • • • * * • • • • • • • • • • • * • • • • • • • • • • • * • » • • • • • • • • • • • • * • • • •
f^ O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
• eoif t tHoo^-t^h-i- imoino c n ^ \ o < f ^ o < n a 3 O r ^ i A a i c n r j ^ i n < t r - c N j r H i r i o ^ o c o ^ e n ^ ^ ( n r g O r H ^ o c n c o ^ c n c o f N j ^ < t «
u. r - r - m < > t ^ ^ p * ^ * c o < > r H ^ ^ ^ ^ o r ^ r ^ ^ f ^ ^ ( > ( o ^ m i ^ ^ o h - ' ^ ^ c n ^ r ^ * O ' ^ f ^ h - ^ ( n o o ^ r ^ i r » ^ o o v o r - ^ m
"* ( < ! ( N f ^ c n ( > » C T * C O C O ' O O t r < P ^ s O * O O O O ^ ^ ^ O ^ O ^ ^ i A O O ^ Q O O ^ O r ^ O O ^ O O C O O ^ t A O ( n c O ^ ^ ^ O O ^ ^ O C > ^ r ^ ^ ^ ^
O i n o ^ ^ o o r g ^ i n m c o ^ r H x o < t ^ c D i ^ r H ( > ^ r . o o o r s i i n ^ ^ o ^ i n c o ^ < n m ^ c o ^ c n i n r ^ % o r v j r ^ r ^ c O f s i o r ^ f v j
^ o m < > < N ^ O M O > r ^ m h - ^ % O x O v O t n i n ^ ^ < n < f r j m ^ ( ^ o r ^
o ^ o ^ c > ( > ^ o ^ o ^ o j t ^ e o a v a > o * o o o * e o o * o o < ^ o o ( ^ c o ^ c o a * a j ^ ^ ( ^ r w o » r ^ ^ r ^ O ' ^ ^ ^ c o ^ o o t ^ c o r ^ e o r i 1 -
• . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . * • • • . . . . . . . .
O'-iOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
rsicofnmootnt^c^f^cni^vO(Ncocn\o^r^r^cD^^^'^^cnr^^r^^^oa>'^t^
oorsj(D^inrHi^(no(O^r^oo*oo^i^oirt^(ntn^r^ooo(^^O(nrHO'^^^^'^oor^^(o^rsjo^<N^f^rj\oroo*^*oeo»o^rxisO'Hou^^^^>o^^or^wi^
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u_ cn>oo*ooir»OtH^oooo^^rHOco^^^^^ocnoocn*oinini(oo^rg(*i^r-o^^r^oo^a3i^oococo^w^
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<M OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
» op^/^or^tAou^^*0rgroeor>jryomrwffl^io^r-^^<7»OfiO^^^^/^^^c»<nin^^a»mm^r*o<ntOf^^rxJ^^
u_ en >*• ^ voao^^^r-oo*r^OT^oo^r^cnrsi(nr^am^cooo(nr-ooo*<hcnf^a5^iA^^r^'^oo*<»a>rgi^rg
-* to en a>tA*a»^*^r\itnofwoorsj^incoocn>oo^(nin'^(>i'^Oftieo^r^corwc>4(D<o^<nO(ncn^tn^o»fNt(n*r^r^f^
o»Q m«o ^-<<ytri*(Nj{noo*oiA^«-*cooor*i^'*oo^Hr^(n(«\ooiAfii-o»i'irtOorw(ft'*«-*^H^OGocM*oco crj^oop-'Oiftoiojeooi^r-'-^intotn-^'
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^m^m^(^rH<n-^ffi^(n»H(n^(o^m^(nr\jcnrg^(Ncnr«i^pg^(>j^f>j^rg^rg^fy
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• t^inr^p^r^coo(\ii^r~^r-o<o(^r^m^'HrgrHrH(\j(omi^<^^oiA^*orsj^iriOOinf^otnp\jcnr^
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